Hexagonal crystals of cowpea mosaic virus in space group P6122 (or its enantiomorph) with a=451 and c = 1038 ,~ have been analyzed using the synchrotron X-ray source at LURE. Data were collected using an X-ray beam of size 0.18 x 0.22 mm permitting resolution of reflections along the c* direction. The beam was defined using a multiple slit system at both the monochromator and at the collimator. A helium path was used to reduce air scatter as a specimen-to-film distance of 175 mm was employed. Data to 4-3 A resolution were recorded on each film. The films were processed to 6 ,~ resolution using the oscillation photograph processing package developed by Rossmann [J. Appl. Cryst. (1979), 12, 225-238-1 with minor modifications to the normal procedures. One film was processed to 4.3 ,~ resolution establishing the feasibility of intermediate resolution analysis. Statistical analysis of the processed data showed excellent correlation between symmetry-equivalent reflections. Post refinement of oscillation angles and lattice constants was very stable and led to significantly improved scaling of partially recorded reflections.
Introduction
Cowpea mosaic virus (CpMV) is a multi-component plant virus (Bruening, 1977) displaying many of the properties of the animal picornavirus group (Franssen, Goldback, Broekhuije, Moerman & van Kammen, 1982) . The particles display icosahedral symmetry (Crowther, Geelen, & Mellema, 1974) and have an average spherical diameter of 284 ,~ (Schmidt, *Author to whom correspondence and reprint requests should be addressed. Johnson & Phillips, 1983) . The virus has been crystallized in space group P6122 or its enantiomorph with a =451 and c= 1038 A (White & Johnson, 1980) . The particle arrangement within the crystal has been determined using electron microscopy and X-ray diffraction (Johnson & Hollingshead, 1981) . In spite of an extraordinary particle packing arrangement, in which more than 70% of the unit cell is occupied by solvent, the crystals are robust and diffract X-rays to 3-5 .A resolution. Data to 15 .A resolution were initially collected using a conventional rotating-anode X-ray source and processed using a modified version of the oscillation photograph processing package developed by Rossmann (1979) . These data were analyzed using the rotation function (Rossmann & Blow, 1962) and the particle orientation was established (Usha & Johnson, 1984) . Data collected and processed in this manner, however, will not support the structure solution using isomorphous replacement. Firstly, the agreement between equivalent reflections, approximately 18%, makes it difficult to measure intensity differences obtained from isomorphous derivative crystals. Secondly, under the most favorable circumstances, data to only 6 ,~ resolution could be collected on a conventional source owing to the long exposure times and limited crystal life time.
The properties of synchrotron X-ray radiation make it the choice for analyzing the CpMV crystals. The high intensity and intrinsically parallel nature of the X-ray beam permit diffraction patterns to be obtained using short exposures and allow the definition of a beam of arbitrary size using slits. We report here our experience in collecting and processing native diffraction data from CpMV crystals to 4-3 A and 6"0 A resolution, respectively. The results clearly indicate that high-quality data can be obtained from crystals with extraordinarily large lattice constants if synchrotron radiation is used.
Data collection procedures
All experiments were performed using the Arndt-Wonacott oscillation camera associated with the D12 experiment station at the Laboratoire pour l'Utilisation du Rayonnement Electromagnetique (LURE), Orsay, France. The general arrangement of the experiment station has been previously described in detail (Kahn, Fourme, Gadet, Janin, Dumas & Andr6, 1982) as has the bent germanium monochromator used in the evacuated beam line (Lemonnier, Fourme, Kahn & Rousseaux, 1978) . The experiments were performed over a period of six 24 h runs. During the experiment runs the energy of the synchrotron was roughly 1-70 GeV with an initial injection of 250 mA of positrons. During the course of a run the intensity steadily decayed, requiring the exposure times to be increased later in the run. The X-ray wavelength was 1.4 A.
Following the experience of Sigler & Westbrook (1981) the X-ray beam was reduced in size using slits at the monochromator (Lemonnier, Fourme, Kahn & • .
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,~" ?" Rousseaux, 1978) and in the collimator (Love, Hendrickson, Herriot, Lattman & McCorkle, 1965) to produce a beam of size 0.18 mm in the horizontal direction and 0.22 mm in the vertical direction as recorded on photographic film. The beam shape is a sharply defined rectangle. The optimum specimen-tofilm distance was found to be 175 mm and a helium path was used between the sample and the film. Ceaverken Reflex 25 photographic film was used throughout for data collection. Crystals were aligned using still photographs. A large collimator (0.7 mm) was used in place of the collimator with slits for this purpose. The large spots produced permitted zones to be easily recognized in still photos and reduced the exposure time to about one minute. The two collimators could be readily interchanged without loss of alignment. The crystals were aligned with the c* axis coincident with the spindle. The zero point in the oscillation range was defined as the crystal position where the a* axis was vertical (i.e. the b axis was coincident with the X-ray beam). With the c* axis on the spindle all photographs display mirror symmetry perpendicular to the c* direction. It normally took about 45 min to align a crystal. Usually three diffraction patterns could be obtained from one crystal. Owing to the large size of the crystals (usually > 1.0 mm) and the small size of the X-ray beam the crystal could be translated between exposures to expose a fresh region to the X-rays. Exposure times for data shots ranged between 2 h 30 min and 3 h 30 min depending on the beam intensity. The oscillation range was 0"4 ° per photograph. Fig. 1 illustrates a typical pattern obtained. The data are strong at 4-3 A (see next section) and the reflections are well resolved as shown in Fig. 2 . 19 photographs were taken between spindle angles of 0 and 7.9 °"
Film processing and scaling
To test the feasibility of processing the films at intermediate resolution one film ( Fig. 1 ; Table 1 ) was processed at 4.3 A resolution. Eleven other films were processed to 6.0 A resolution. Seven films were not processed either because of technical problems with the diffraction pattern or their redundancy in terms of reciprocal-space sampling.
Each film was digitized using an Optronics C-400 rotating drum film scanner at a raster size of 50 ~tm. The films were processed with the programs developed by Rossmann (1979) . Processing was found to be unreliable when the manually introduced fiducial marks were used for the initial lattice refinement. The procedure would converge in a normal fashion, but with the small spacing between reflections the refined lattice would frequently be shifted by a lattice row in the c* direction. The problem was solved by printing Table 1 . Analysis of the processing results obtained for the diffraction pattern in Fig. 1 The film was processed between 20 and 4.3 A resolution. the digitized film in a region near the mirror plane, then obtaining the exact raster-step positions for reflections related by mirror symmetry. The film coordinates were then assigned to these reflections so that they were placed at equivalent distances on each side of the mirror plane. Normally two pairs of reflections and the direct beam were assigned coordinates and used as fiducial marks (Rossmann, 1979) . This procedure forced the lattice origin to lie on the mirror plane and the refinement proceeded in a routine manner. It was straight forward to check for proper lattice convergence on each film by examining the intensity of mirror-related reflections printed during the lattice-refinement option of the program. Reflection intensities were measured using the standard profile fitting procedure (Rossmann, 1979) . The mask used for defining the reflection area and the region used for background measurement had to be carefully chosen to avoid the influence of neighboring reflections. The composite profiles obtained for various regions of the film shown in Fig. 1 are displayed in  Fig. 3 . The mask used for defining reflection and background regions is also shown in Fig. 3 . Table 1 lists the pertinent processing results to 4.3 A resolution for the film shown in Fig. 1 . Of the 30 804 reflections calculated to appear on the film 22 477 reflections had intensity values greater than background. The criteria for rejecting the various reflections are shown in the table. In the range from 5.1 to 4.3 A resolution the average reflection intensity was four times its standard deviation. Table 2 shows the symmetry-equivalent scaling results in various resolution ranges for the reflections measured on this film. Only whole reflections were included in the Rfactor calculation.
Data for twelve of the films collected were processed to 6 A resolution. The mirror-related reflections on each film were scaled together to check for correct lattice refinement. The average R factor for equivalent reflections on the same film was 10-8%. • .,, .,. • . • .
• .,. , Fig. 2. An enlargement of the central region of Fig. 1 showing the well resolved reflections along the c • direction. The maximum resolution in this print is 9.0 A. The center-to-center spacing of reflections in the c* direction is 0.26 mm. The effect of post refinement on symmetry-equivalent scaling of whole and partial reflections in the full data set. The number of reflections in each range is in parentheses. -00/ 18'00 12"73 10"39 9"00, 8-06, 7-35~.____ 6.80, 6.36,.. 6.00,. • 0000 .0"/72 .1543 .2315 "3086 -3858 "4630 "5401 -6173 .6944 (sin 0/2)' ( x 10 -=) (/~ ') Fig. 4. A plot of (I)/(~(I) same film it is possible to refine both the lattice constants and the film setting parameters by comparing the whole reflection intensity with the observed partial reflection intensity. For the CpMV films slight mis-setting caused many reflections to be measured whole on one side of the mirror plane while their symmetry mates were partial. The lattice constants obtained from independently post-refined films showed less than 0.2% variation.
All of the A/B scaled films were finally combined as a single data set to 6 A resolution. The R factor (defined as above) for the plane/plane scaling was 10.5%. Post refinement rapidly converged to overall lattice constants of a-451, c=1038 A with only minor variations in the setting parameters for the individual films. Table 3 shows the scaling results in intensity ranges for full and partial reflections before and after post refinement. The total number of independent reflections in the 6 A resolution partial data is 32000, with an average of two observations per reflection. Table 4 summarizes the inter-film scaling results to 6 A resolution. Fig. 4 shows a plot of l/tr(I) for the data in resolution shells between 18 and 6 A resolution.
Discussion
The results obtained in these experiments show that quality data can be obtained from crystals with very large cells. The R factor obtained from scaling procedures, the counting statistics and associated 1/o(I) for the data and the post-refinement results all demonstrate high-quality data. Synchrotron radiation and slit collimation are clearly the solution to problems of this nature. The scaling statistics indicate that isomorphous derivative differences of sufficient accuracy can be measured from derivative crystals of CpMV. The quality of the 6 A data reported here, in a statistical sense, is as good as data at the same resolution collected from southern bean mosaic virus crystals on a conventional source (Abad-Zapatero, Abdel-Meguid, Johnson, Leslie, Rayment, Rossmann, Suck & Tsukihara, 1981) .
